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1
FLASH CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a flash circuit, and more
particularly to a flash circuit which automatically stops
charging a main capacitor at a set charge voltage.

2. Background Arts

When the subject brightness 1s so low that a proper
exposure would not be provided without any artificial
illumination, a flash device 1s often used to project light
toward the subject synchronously with the shutter release.
Since compact cameras and lens-fitted photo film units have
an 1mexpensive lens system of a relative large f-number,
most of them are provided with a built-in flash device. For
flash photography, it 1s necessary to charge the main capaci-
for up to the set voltage prior to the shutter release. The
conventional flash devices start charging 1n response to an
actuation of a flash charge switch.

A flash circuit has recently been known, for example from
JPA 7-122389, wherein once a flash charge switch 1s turned
on the main capacitor continues to be charged even after the
flash charge switch 1s turned off. The flash circuit stops
charging while the main capacitor 1s at the set charge
voltage. Hereinafter, this type of flash device will be referred
fo as an autostop flash circuit.

An example of autostop flash circuit 1s shown 1 FIG. 13,
which has fundamentally the same configuration as that
disclosed 1n JPA 7-122389, except some minor differeces. In

the flash circuit of FIG. 13, when a flash charge switch 80
1s turned on, an oscillation transistor 81 is activated and
starts oscillating due to positive feedback of an oscillation
transformer 82. The oscillation causes an increase 1n a
primary current that flows through a primary coil 824, 1.¢. a
collector current that flows to the collector of the oscillation
transistor 81. As a result, an electromotive force induces a
current through a secondary coil 82b, and the current
charges a main capacitor 84 through a rectitying diode 83.

Since the collector current flows through the oscillation
transistor 81, a latching transistor 85 is turned on. Thereafter
when the mcrement of the primary current goes down, a
back electromotive force 1s generated in the secondary coil
82b, the current fed back from the oscillation transformer 82
to the oscillation transistor 81, 1.e. base current of the
oscillation transistor 81, begins to decrease. However, a
voltage from a battery 86 1s applied to the base of the
oscillation transistor 81 through the latching transistor 85 as
being 1n the ON state, the oscillation transistor 81 1s not
completely turned off. Therefore, the primary current starts
flowing again, thereby the oscillation transistor 81 continues
to oscillate and charge the main capacitor 84.

A Zener diode 87 with a Zener voltage of 300V 1s
provided for starting conducting a Zener current when the
main capacitor 84 1s charged up to a set voltage of 300V.
Accordingly, when the main capacitor 84 1s charged up to
the set voltage a stopping transistor 88 1s turned on by a base
current that 1s applied to the base of the stopping transistor
88 due to the Zener current. When the stopping transistor 88
1s turned on, the emitter and the base of the oscillation
transistor 81 are connected to each other, so that the oscil-
lation transistor 81 1s completely turned off

, and thus the
latching transistor 85 is turned off. In this way, the oscilla-
tion stops to stop charging the main capacitor 84.

In the above autostop flash circuit, since the charge
voltage of the main capacitor 1s applied to the Zener diode
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to conduct the Zener current for activating the stopping
transistor when the charge voltage reaches the set value, the
Zener diode must have a high Zener voltage, e.g. 300V, 1n
correspondence with the set charge voltage. As the Zener
diode with high Zener voltage 1s expensive, it raises the cost
of the flash circuit. In addition, the conventional autostop
flash circuit requires a lot of space for mounting various
clements as above which are necessary for the automatic
continuation and stopping of charging.

SUMMARY OF THE INVENTION

In view of the foregoing, a prime object of the present
invention 1s to provide an autostop flash circuit with reduced
cost and space without lowering reliability and stability.

To achieve the above objects, according to the present
invention, a flash circuit 1s provided with an oscillation
transformer having a primary coil connected to a power
source and a secondary coil connected to a main capacitor,
for boosting a low power source voltage up to a high voltage
for charging the main capacitor; an oscillation transistor
connected between the power source and the primary coil
and oscillating 1n cooperation with the oscillation trans-
former to conduct oscillating current through the primary
coil; and an oscillation stopping device which taps out
voltage proportional to but less than charge voltage 1n the
main capacitor from the oscillation transformer, and which

1s driven to deactivate the oscillation transistor when the
charge voltage 1n the main capacitor reaches a set voltage.

According to a preferred embodiment, the oscillation
stopping device 1s comprised of a stopping transistor whose
base 1s connected to one terminal of a tertiary coil of the
oscillation transformer through a voltage divider, whose
emitter 1s connected to base of the oscillation transistor, and
whose collector 1s connected to a negative terminal of the
power source. When the charge voltage reaches the set
voltage, the stopping transistor i1s turned on to connect the
base of the oscillation transistor to the emitter thereof,
thereby deactivating the oscillation transistor.

According to another preferred embodiment, the oscilla-
tion stopping device 1s comprised of a stopping transistor
and a Zener diode connected between a tap point located at
an mntermediate position of the secondary coil of and base of
the stopping transistor. The stopping transistor 1s turned on
1in response to a Zener current conducted through the Zener
diode when the main capacitor 1s charged up to the set
voltage. The stopping transistor being connected to the
oscillation transistor such that the oscillation transistor is
deactivated when the stopping transistor 1s turned on.

It 1s preferable to provide a capacitor that 1s charged with
the Zener current, and connect the stopping transistor to the
stopping capacitor through a resistor, such that the stopping
transistor 1s turned on for a time while a current discharged
from the stopping capacitor 1s applied through the resistor.

It 1s also preferable to provide an oscillation stopping
device which detects oscillation frequency from the oscil-
lation transformer, as being proportional to charge voltage in
the main capacitor, and deactivates the oscillation transistor
when it 1s determined based on the oscillation frequency that
the charge voltage 1n the main capacitor reaches a set
voltage.

In any case, 1t 1s unnecessary to provide an expensive
Zener diode with a high Zener voltage.

By integrating the oscillation stopping device 1nto an IC
chip, the flash circuit can be produced 1in a compact size.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and advantages of the present
invention will become apparent from the following detailed
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description of the preferred embodiments when read 1n
connection with the accompanying drawings, which are
orven by way of illustration only and thus are not limitative
of the present invention, wherein like reference numerals
designate like or corresponding parts throughout the several
views, and wherein:

FIG. 1 1s a perspective view of a lens-fitted photo film
unit;

FIG. 2 1s a circuit diagram of a flash circuit according to
a first embodiment of the invention;

FIGS. 3A and 3B are timing charts 1llustrating the opera-
tion of the flash circuit of the first embodiment;

FIG. 4 1s a circuit diagram of a flash circuit according to
a second embodiment of the invention;

FIGS. 5A and 5B are timing charts illustrating the opera-
tion of the flash circuit of the second embodiment;

FIG. 6 1s a circuit diagram of a flash circuit according to
a third embodiment of the invention;

FIG. 7 1s a timing chart illustrating voltage at a first
terminal of an oscillation transformer of the flash circuit of

the third embodiment;

FIGS. 8A, 8B and 8C are timing charts illustrating
relationship between charge voltage, oscillation frequency
and drive control signal in the flash circuit of the third
embodiment;

FIG. 9 15 a perspective view of a flash device built 1n the
f1lm unit, having the flash circuit of the third embodiment;

FIG. 10 1s a perspective view of a lens-fitted film unait
provided with a flash circuit according to a fourth embodi-
ment of the invention;

FIG. 11 1s a circuit diagram of the flash circuit of the
fourth embodiment;

FIG. 12 1s a timing chart illustrating relationship between
base-emitter voltage of a stopping transistor and charging
cycles for a main capacitor and a stopping capacitor; and

FIG. 13 1s a circuit diagram of a conventional flash circuait.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIG. 1, a lens-fitted photo film unit 10 has a
unit body 11 containing a photo filmstrip. A simple photo-
oraphic mechanism and a flash device are incorporated into
the unmit body 11. A decorative cardboard paper 12 1is
wrapped around the umit body 11. A taking lens 13, a
viewiinder 14, a frame counter window 15, a film winding,
wheel 16, a flash projector 17, a shutter button 18, a flash
charge button 19 and other necessary elements are exposed
to the outside through openings of the cardboard paper 12 or
located out of the cardboard paper 12. An indication window
for indicating that the flash device 1s ready to flash 1s formed
besides an eyepiece of the viewlinder 14, through they are
not shown in the drawings.

Referring to FIG. 2 showing a flash circuit of the flash
device, a flash charge switch 26 1s turned on so long as the
flash charge button 19 1s depressed. Once the flash charge
switch 26 1s turned on for a moment by depressing the flash
charge button 19, the flash circuit continues to charge a main
capacitor 41 up to a set charge voltage even after the flash
charge switch 26 1s turned off as the photographer quits
depressing the flash charge button 19. Once the main capaci-
tor 41 1s charged up to the set voltage, the main capacitor 41
1s automatically repeatedly charged up to the set voltage
immediately after each flashing.

The flash circuit roughly consists of a booster section 20
and a charging-discharging section 40. The booster section
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20 1s mainly constituted of a battery 21 of 1.5V as a power
source, an oscillation transistor 22 of NPN type, an oscil-
lation transformer 23, a latching transistor 24 of PNP type,
a charge current rectifying diode 25, the flash charge switch
26, a recharging capacitor 27 and an oscillation stopping
circuit 335.

The oscillation transformer 23 1s constituted of a primary
coil 31, a secondary coil 32 and a tertiary coil 33 which are
inductively coupled to one another. In the oscillation trans-
former 31, terminals of the primary coil 31 are referred to as
first and second terminals 23a and 23b, one terminal of the
tertiary coil 33 1s referred to as a third terminal 23c¢, another
terminal of the tertiary coil 33, which is also one terminal of
the secondary coi1l 32, 1s referred to as a fourth terminal 23d,
and another terminal of the second coil 32 1s referred to as
a fifth terminal 23e.

The first and second terminals 23a and 235 of the oscil-
lation transformer 23 are connected to the collector of the
oscillation transistor 22, and the positive terminal of the
battery 21, respectively. The third terminal 23c¢ 1s connected
to the positive terminal of the battery 21 through a resistor
344 and the flash charge switch 26. The fourth terminal 23d
1s connected to the base of the oscillation transistor 22, and
the fifth terminal 23¢ 1s connected through the charge current
rectifying diode 25 to the negative side of the charging-
discharging section 40, that 1s, the negative terminal of the
main capacitor 41. The cathode of the charge current recti-
fying diode 25 1s connected to the fifth terminal 23e. The
emitter of the oscillation transistor 22 1s connected to the
negative terminal of the battery 21 and thus grounded.

The oscillation transistor 22 and the oscillation trans-
former 23 constitute a well-known blocking oscillator that 1s
directed to transtorming the low voltage of the battery 21 to
the high voltage for charging the main capacitor 41. The
oscillation transistor 22 1s activated to conduct its collector
current to the primary coil 31 when the flash charge switch
26 1s turned on. As the base current of the oscillation
transistor 22 1ncreases due to the positive feedback from the
oscillation transformer 23, the collector current increases,
and thus the oscillation transistor 22 oscillates.

While the oscillation transistor 22 oscillates, a high
voltage, e.g. an alternating voltage of about 100V, 1s gen-
erated 1n accordance with the turn ratio of the primary coil
31 to the secondary coil 32. The charge current rectifying
diode 25 supplies the charging-discharging section 40 only

the secondary current flowing through the secondary coil 32
in a direction from the fifth terminal 23e to the fourth

terminal 23d.

The latching transistor 24 applies a bias voltage to the
base of the oscillation transistor 22 after the flash charging
switch 26 1s turned off, thereby to keep the oscillation
transistor 22 oscillating. The latching transistor 24 1s con-
nected at 1ts emitter to the positive terminal of the battery 21,
and at 1ts base to the collector of the oscillation transistor 22
through a resistor 34b. In this way, the latching transistor 24
1s turned on 1n response to the activation of the oscillation
transistor 22, so that the oscillation transistor 22 continues to
oscillate even after the flash charge switch 26 1s turned off,
because of positive feedback from the latching transistor 24.
It 1s possible to omit the latching transistor 24.

When a back electromotive force 1s generated in the
tertiary coil 33 while the flash charging switch 26 1s off, if
there 1s no current loop or runaway for the back electromo-
tive force, the oscillation of the blocking oscillator would be
destabilized, or 1t would take longer time to charge up the
main capacitor 41. To avoid this problem, a looping diode 28
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1s provided for forming a current loop for the back electro-
motive force on the tertiary coil 33. Anode of the looping
diode 28 1s connected through the resistor 34a to the third
terminal 23c¢ of the tertiary coil 33, and cathode thereof 1s
connected to the positive terminal of the battery 21.

The oscillation stopping circuit 35 1s mainly constituted of
a voltage dividing resistors 36 and 37, a rectifying diode 38,
and a stopping transistor 39 of PNP type. The voltage
dividing resistors 36 and 37 are connected 1n serial between
the third terminal 23c of the oscillation transistor 23 and the
oround. The emitter of the stopping transistor 39 1s con-
nected to the fourth terminal 234 of the oscillation trans-
former 23, and the collector 1s grounded.

The base of the stopping transistor 39 1s connected to a
connecting point P, between the voltage dividing resistors
36 and 37 through a resistor 34¢ and the rectifying diode 38.
Therefore, a voltage at the third terminal 23c¢ 1s divided by
the voltage dividing resistors 36 and 37 before being applied
to the base of the stopping transistor 39. The anode of the
rectifying diode 38 1s connected to the base of the stopping
transistor 39. The rectitying diode 38 1s provided for pro-
tecting the stopping transistor 39 from a high reverse bias
voltage that would otherwise be applied to the emitter-base
circuit of the stopping transistor 39 and break it.

The stopping transistor 39 1s activated by a potential
difference or voltage “V4-Va” that 1s applied across the
emitter-base circuit thereof, wherein V4 1s a potential level
of the fourth terminal 23d, and Va 1s a potential level of the
connecting point P,. Unless the charge voltage in the main
capacitor 41 reaches the set value, the stopping transistor 39
1s not turned on, because the potential difference V4-Va
does not go above an activation voltage V., that 1s neces-
sary to turn on the stopping transistor 39, 1.e. to make the
emitter-collector circuit of the stopping transistor 39 con-
ductive. When the charge voltage reaches the set value, the
potential difference V4-Va goes above the activation volt-
age V. while the electromotive force 1s generated on the
oscillation transformer 23, so that the stopping transistor 39
1s turned on. The activation voltage V., includes a voltage
drop, €.g. 0.6V, through the rectifying diode 38. That 1s, the
stopping transistor 39 is actually turned on by a voltage that
1s given by reducing the voltage drop value from the
activation voltage V.-

When the stopping transistor 39 1s turned on, the base and
the emitter of the oscillation transistor 22 take the same
potential level, so that the oscillation transistor 22 is turned
off, and thus the latching transistor 24 1s turned off. Of
course, the resistance values of the resistors 36 and 37 are
determined according to the potential difference between the
third and fourth terminals 23c¢ and 23d, such that the
stopping transistor 39 1s turned on when the main capacitor
41 1s charged up to the set charge voltage.

As described so far, since the stopping transistor 39 i1s
turned on and off by means of the voltage dividing resistors
36 and 37 and the rectifying diode 38 which are compara-
tively mexpensive, the cost of the flash circuit 1s saved, and
the construction 1s simplified.

The charging-discharging section 40 1s constituted of the
main capacitor 41, the flash discharge tube 42, a neon lamp
43, a triggering electrode 42a, a triggering transformer 43,
a triggering capacitor 44, a triggering switch 46 and so forth.
The main capacitor 41 1s connected in parallel to the flash
discharge tube 42. The positive terminal of the main capaci-
tor 41 1s also connected to the minus pole of the battery 21
and thus grounded. The negative terminal of the main
capacitor 41 1s connected to anode of the charge current
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rectifying diode 25. Since the set charge voltage of the main
capacitor 41 1s 300V 1n the present embodiment, the flash
discharge tube 42 1s designed to flash light of a predeter-
mined amount when the voltage of 300V 1s applied to 1it.

The current from the booster section 20 1s charged 1n the
main and triggering capacitors 41 and 44. When the main
capacitor 41 1s charged up to its set charge voltage of 300V,
the neon lamp 43 starts lighting. The light from the neon
lamp 43 1s conducted through a light guide or the like to the
indication window near the eyepiece, so that the photogra-
pher can see that the flash device 1s ready to flash.

The trigger switch 46 1s turned on when a shutter blade 1s
opened up. Then, the triggering capacitor 44 discharges
current to a primary coil 45a of the triggering transformer
45. As a result, a high voltage trigger voltage, e.g. 4 KV, 1s
induced 1n a secondary coil 45b of the transformer 45, which
1s applied to the triggering electrode 42a. The high voltage
ionizes Xenon gas 1n the flash discharge tube 42 to break the
resistance between its electrodes, so that the main capacitor
41 discharges, causing the flash discharge tube 42 to flash.

The recharging capacitor 27 of the booster section 20 1s
charged with the secondary current of the secondary coil 32,
in the same way as the main capacitor 41. The charge loaded
in the recharging capacitor 27 1s discharged when the flash
discharge tube 42 flashes, and flows into the base of the
oscillation transistor 22, so that the oscillation transistor 22
1s turned on to restart charging the main capacitor 41.

The above embodiment operates as follows:

First the photographer rotates the film winding wheel 16
of the film unit 10 to wind up the filmstrip by one frame and
also cock the shutter. If a flash photography 1s needed, the
flash charge button 19 1s depressed to turn on the flash
charge switch 26. The photographer can quit depressing the
flash charge button 19 as soon as 1t 1s fully depressed.

When the flash charge switch 26 1s turned on, the base
current 1s applied to the oscillation transistor 22 through the
resistor 34a and the tertiary coil 33. Thereby, the oscillation
transistor 22 1s activated to conduct the collector current as
much as the base current. As the collector current flows from
the second terminal 23b through the primary coil 31 to the
first terminal 23a, the collector current 1s equal to the
primary current.

Because of the primary current, the electromotive force of
the high voltage 1s generated in the secondary coil 32, so that
the secondary current flows from the fifth terminal 23e¢ to the
fourth terminal 23d. The secondary current flows into the
base of the oscillation transistor 22, so that the base current
increases. As the base current increases, the collector
current, 1.€. the primary current through the primary coil 31
INcreases.

When the oscillation transistor 22 1s turned on, the current
flowing to the collector of the oscillation transistor 22 1s also
applied to the base of the latching transistor 24, so that the
latching transistor 24 1s turned on. Then, the voltage of the
battery 21 begins to be applied to the base of the oscillation
transistor 22 through the resistor 34a and the tertiary coil 33.

Because of the positive feedback from the oscillation
transformer 23, the base current of the oscillation transistor
22 and the collector current of the oscillation transistor 22
increase concurrently. But as the oscillation transistor 22 1s
being saturated, the collector current 1s getting less increase.
Thereby, the change 1n the primary current becomes smaller,
and back electromotive forces are generated in the respec-
tive coils 31 to 33 of the oscillation transformer 23. Due to
the back electromotive force, the current flowing from the
secondary coil 32 to the base of the oscillation transistor 22
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drops down. Thus, the collector current of the oscillation
transistor 22 drops down.

However, because the latching transistor 24 applies the
base voltage of the oscillation transistor 22, the oscillation

transistor 22 is not completely turned off. After the back >

clectromotive force on the oscillation transtormer 23 stops,
the base voltage from the latching transistor 24 causes the
collector current of the oscillation transistor 22 to increase
again. Accordingly, the primary current begins to 1ncrease
again. In this way, even after the flash charge switch 26 1s
turned off, the oscillation transistor 22 or the blocking
oscillator continues to oscillate.

The secondary current 1s generated by the electromotive
force of the high voltage induced in the secondary coil 32
during the oscillation. Among the secondary current, those
flowing in the direction from the fifth terminal 23¢ to the
fourth terminal 234 are supplied through the charge current
rectifying diode 25 to the charging-discharging section 440,
and 1s charged 1n the main capacitor 41 and the triggering
capacitor 44. Simultaneously, the recharging capacitor 27 1s
charged with this secondary current.

On the assumption that the ground potential GND at the
minus pole of the battery 21 is a reference level (=0V), the
potential level V4 at the fourth terminal 234 1s maintained at
a constant level that 1s higher than the ground potential GND
by the base-emitter voltage of the oscillation transistor 22
while the electromotive force 1s generated on the oscillation
transformer 23 1n the first stage of charging when the charge
voltage 1s around OV, as shown in FIG. 3A. Since the
potential level V3 at the third terminal 23c¢ 1s higher than the
potential level V4 at the fourth terminal 23d 1 the beginning
of charging, the potential level Va at the connecting point P,
1s correspondingly higher than that at the fourth terminal
23d. Also while the back electromotive force 1s generated,
the potential level Va at the connecting point P, 1s higher
than the potential level V4. As the voltage V4-Va 1s applied
across the emitter-base circuit of the stopping transistor 39
in the opposite direction to that for activating the stopping
transistor 39, the stopping transistor 39 1s not turned on. The
diode 38 blocks the voltage V4—Va of the opposite direction
from being directly applied to the stopping transistor 39, the
stopping transistor 39 1s prevented from breaking down.

As the main capacitor 41 1s charged, the voltage across the
main capacitor 41 increases. In this embodiment, the main
capacitor 41 1s designed to be charged 1n the negative
direction. That 1s, the positive terminal of the main capacitor
41 1s maintained OV, and the potential level at the negative
terminal of the main capacitor 41 goes down as the main
capacitor 41 1s charged. As a result, the load on the second-
ary coill 32 increases, and the potential level at the fifth
terminal 23e¢ goes down, so that the secondary current
caused by the electromotive force on the secondary coil 32
decreases. Since the secondary coil 32 1s inductively
coupled to the tertiary coil 33, the electromotive force on the
tertiary coil 33 decreases with the decreasing secondary
current.

Correspondingly, the potential V3 at the third terminal
23c of the tertiary coil 33 gradually goes down, and thus the
potential level Va at the connecting point P, gradually goes
down. While the electromotive force 1s generated, the poten-
fial level Va goes below the potential level V4, so that the
voltage V4-Va applied to the stopping transistor 39 turns to
the direction for activating the stopping transistor 39.
However, the voltage of this direction 1s not large enough to
turn on the stopping transistor 39 until the main capacitor 41
1s charged up to the set charge voltage. Accordingly, the
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oscillation transistor 22 continues to oscillate until the main
capacitor 41 1s charged up to the set charge voltage.

When the main capacitor 41 1s charged up to the set
voltage, 1.e. 300V 1n this embodiment, the potential differ-
ence V4-Va becomes more than the activation voltage V .,
so long as the electromotive force 1s generated. In this way,
the stopping transistor 39 1s turned on.

When the stopping transistor 39 1s turned on, the base of
the oscillation transistor 22 1s connected to the emitter
thereof through the stopping transistor 39, so that the oscil-
lation transistor 22 1s turned oif. When the oscillation
transistor 22 1s turned off, the base current of the latching
transistor 24 stops, so that the latching transistor 24 1s turned
off. Then, the oscillation transistor 22 does not continue to
oscillate, thereby stopping charging the main capacitor 41.
When the charging stops, the stopping transistor 39 1s turned
off. Even when the stopping transistor 39 1s turned off, the
oscillation transistor 22 cannot restart oscillating.

Beside that, the neon lamp 43 starts lighting when the
main capacitor 41 1s charged up to the set voltage, so that the
photographer can see that the flash device 1s ready to flash.
Then, the photographer can depress the shutter button 18 to
make the flash photography while framing through the
viewiinder 14.

When the shutter button 18 i1s depressed, the shutter is
activated, and the triggering switch 46 1s turned on the
moment the shutter 1s fully opened. Upon the triggering
switch 46 bemng turned on, the trigeering capacitor 44
discharges, so that the current flows through the primary coil
45a of the triggering transformer 45, inducing the triggering
voltage across the secondary coil 45b. The triggering voltage
1s applied through the triggering electrode 42 to the flash
discharge tube 42. Then, the main capacitor 41 1s discharged
through the flash discharge tube 42, causing the flash dis-
charge tube 42 to flash. The flash light 1s projected through
the flash window 6. In this way, the flash photography 1is
accomplished.

Simultaneously with the discharge of the main capacitor
41, the recharging capacitor 27 1s discharged through the
flash discharge tube 42. The discharged current from the
recharging capacitor 27 flows into the base of the oscillation
transistor 22. Thereby, the oscillation transistor 22 1s reac-
tivated. When the oscillation transistor 22 1s reactivated, the
latching transistor 24 1s turned on just like when the flash
charge switch 26 1s turned on for a moment. The latching
transistor 24 makes the oscillation transistor 22 continue
oscillating. In this way, the main capacitor 41 starts to be
charged again.

FIG. 4 shows a flash circuit according to a second
embodiment of the mmvention, whose fundamental configu-
rations are equivalent to those of the first embodiment, so
that the following description merely relates to those por-
tions essential to the second embodiment.

An oscillation transistor 22 and an oscillation transformer
23 constitute a well-known blocking oscillator that 1is
directed to transtorming a low voltage of a battery 21 to a
high voltage for charging a main capacitor 41. The oscilla-
tion transformer 23 has a tap point 23/ at an intermediate
position of a secondary coil 32, in addition to first to fifth
terminals 23a to 23e. The potential level VI at the tap point
23/ varies alternately 1n correspondence with the oscillation
of the oscillation transformer 23. Beside that, the potential
level VI 1n total changes proportionally to the charge voltage
in the main capacitor 41.

As the positive terminal of the main capacitor 41 1is
connected to the minus pole of the battery 21, the potential
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at the positive terminal of the main capacitor 41 1s main-
tained at a ground voltage GND (=0V), while the potential
at the negative terminal of the main capacitor 41 goes down
by the charging. Thus, the charge voltage 1s an absolute
value equal to a potential difference between the positive and
negative terminals of the main capacitor 41. In this way, the
main capacitor 41 1s charged in the negative direction, so the
potential VI at the tap point 23/ goes down proportionally as
the charge voltage increases.

According to the second embodiment, an oscillation stop-
ping circuit 35 1s mainly constituted of a rectifying diode 56,
a Zener diode 57 and a stopping transistor 58. The cathode
of the rectitying diode 56 1s connected to the tap point 23/,
and the anode of the rectifying diode 56 1s connected to the
anode of the Zener diode 57 through a resistor 56a. The
rectifying diode 56 1s provided for rectifying the oscillating
or alternating voltage at the tap point 23/, and tapping out
only negative halves of the alternating voltage. The rectily-
ing diode 56 also functions as a temperature compensating
element for the Zener diode 57, as set forth in detail later. A
capacitor 59 1s provided for smoothing the voltage from the
rectifying diode 56, and applying 1t as a DC voltage to the
Zener diode 57. The stopping transistor 38 has the base
connected to the cathode of the Zener diode 57 through a
resistor 57a, the emitter connected to the fourth terminal 234
of the oscillation transformer 23, and the collector grounded.

The tap point 23f 1s located such that the potential
difference or voltage “V4-V1I” between the fourth terminal
23d and the tap point 23f comes to a given voltage Vonl
while an electromotive force 1s generated 1n the secondary
coil 32 after the main capacitor 41 1s charged up to a set
charge voltage, ¢.g. 300V. More speciiically, the tap point
23/ 1s located such that the DC voltage applied across the
Zener diode 57 reaches a Zener voltage V, of the Zener
diode §7 when the charge voltage across the main capacitor
41 reaches the set value.

The voltage Vonl 1s given by adding a voltage drop
amount through the rectifymng diode 56, ¢.g. about 0.6V, to
a Zener voltage V_, e.g. 10V, of the Zener diode 57. In this
instance, the given voltage Vonl 1s 10.6V, and the tap point
23/ 1s located where the turn number between the tap point
23/ and the fourth terminal 23d 1s about 40 the total turn
number of the secondary coil 32.

However, 1f the Zener voltage V,, of the Zener diode 37
1s 30V, the voltage Vonl 1s given as 30.6V, and the tap point
23/ 1s located where the turn number between the tap point
23/ and the fourth terminal 23d 1s about Y40 the total turn

number of the secondary coil 32.

According to the above circuit construction, the Zener
diode 57 1s supplied with the DC voltage which 1s obtained
through the rectifying diode 56 and the smoothing capacitor
59 from the alternating voltage between the fourth terminal
23d and the tap point 23/, 1.e. from the potential difference
V4-Vi. Accordingly, the Zener voltage V., of the Zener
diode 57 may be low, e.g. 10V, so that an inexpensive Zener
diode may be used as the Zener diode 57. When the main
capacitor 1s charged up to the set voltage of 300V, the
potential difference V4-VTI reaches the given value Vonl,
and thus the Zener voltage V, 1s applied across the Zener
diode 57. Then, the Zener diode 57 conducts a Zener current
of the opposite direction to the charging current.

Unless the Zener diode 57 conducts the Zener current, no
current flows 1n the base of the stopping transistor 38, so that
the stopping transistor 38 1s in the OFF state. When the
Zener diode 57 conducts the Zener current, 1.e. when the
cathode potential of the Zener diode 57 goes below 0V, a
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voltage higher than an activation voltage for the stopping
transistor 38 1s applied across the emitter-base circuit of the
stopping transistor 38, so the stopping transistor 38 1s turned
on. When the stopping transistor 58 is turned on, the base
and the emitter of the oscillation transistor 22 are connected
to each other to have the same potential level, so that the
oscillation transistor 22 1s turned off, and thus a latching
transistor 24 1s turned off.

Because the turn ratio of the coil portion between the tap
point 23/ and the fourth terminal 234 to the primary coil 31
1s remarkably smaller than the turn ratio of the enfire
secondary coil 32 to the primary coil 31, 1t 1s possible to tap
out a comparatively large current from the tap point 23f.
Therefore, even when the voltage from the battery 21 1is
lowered, for example due to a low ambient temperature, a
sufficiently large base current enough for activating the
stopping transistor 38 may be supplied to the base of the
stopping transistor 58. Thus, the reliability of automatic
stopping of the oscillation transistor 22 1s improved.

As well-known 1n the art, the conductivity of semicon-
ductor elements varies depending upon their temperatures.
Concerning Zener diodes, the Zener voltage increases or
decreases with a temperature increase depending upon a set
value that 1s determined under a reference temperature.
Specifically, those Zener diodes whose set Zener voltage 1s
less than 5 to 6 volts have a negative temperature coellicient
cach, so the actual Zener voltage decreases with the tem-
perature increase. On the contrary, those Zener diodes whose
set Zener voltage 1s more than 5 to 6 volts have a positive
temperature coeilicient each, so the actual Zener voltage
increases with the temperature increase.

The Zener voltage V, also varies according to the varia-
fion 1n circumierential temperature as well as the tempera-
ture change due to heat 1n the Zener diode 57. As the Zener
voltage V, 1s set to be 10V 1n this instance, the Zener diode
57 has a positive temperature coetlicient, so the actual Zener
voltage V, goes up as the temperature goes up. Without any
temperature compensation, the Zener diode 57 would start
conducting the Zener current when the voltage V4-VT goes
up above the given voltage Vonl, 1.e. until the main capaci-
tor 41 has been charged up to a value more than the set value.

However, those diodes which are used for rectifying have
negative temperature coellicients. Therefore, as the tempera-
ture increases, the voltage drop through the rectifying diode
56 decreases, and thus the voltage applied to the Zener diode
57 1ncreases. Therefore, the negative temperature coeflicient
of the rectifying diode 56 1s designed to compensate for the
positive temperature coeflicient of the Zener diode §7. That
1s, the total temperature coeflicient of the diodes 56 and 57
1s approximately zero. In this way, the Zener current begins
to flow at the set charge voltage of the main capacitor 41,
regardless of the temperature variations.

Now, the operation of the second embodiment will be
described brietly.

When a flash charge switch 26 1s turned on, the oscillation
transistor 22 1s turned on, and thus the latching transistor 24
1s turned on. Because of the positive feedback from the
oscillation transformer 23 and the base voltage from the
latching transistor 24, the oscillation transistor 22 continues
to oscillate even after the flash charge switch 26 1s turned off.

Among of the secondary current which 1s generated by the
clectromotive force of the high voltage induced in the
secondary coil 32 during the oscillation, those flowing in the
direction from the fifth terminal 23¢ to the fourth terminal
23d arc supplied through a charge current rectifying diode
25 to a chargmng-discharging section 40, and are used for
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charging the main capacitor 41 and a triggering capacitor 44.
Simultaneously, a recharging capacitor 27 1s charged with
the secondary current of this direction.

On the assumption that the ground potential GND at the
minus pole of the battery 21 is a reference level (=0V), the
potential level V4 at the fourth terminal 234 1s maintained at
a constant level that 1s higher than the ground potential GND
by the base-emitter voltage of the oscillation transistor 22
while the electromotive force 1s generated on the oscillation
transformer 23 1n the first stage of charging when the charge
voltage 1s around 0V, as shown 1n FIG. 5A. While the back
clectromotive force 1s generated, the potential level V4 at the
fourth terminal 23/ drops down like a pulse.

The potential level VI at the tap point 23/ 1s maintained
constant while the electromotive force 1s generated, and
jumps up like a pulse while the back electromotive force 1s
cgenerated. In either phase, the potential level VI 1s higher
than the potential level V4. Therefore, 1n the first stage of
charging, the potential difference V4-VT 1s applied across
the rectitying diode 56 1n the opposite direction, so that no
current tlows to the Zener diode 57 and thus to the base of
the stopping transistor 38, so the stopping transistor 38 1s not
turned on.

As the main capacitor 41 1s charged, the voltage across the
main capacitor 41 increases. In this embodiment, the main
capacitor 41 1s designed to be charged 1n the negative
direction, the positive terminal of the main capacitor 41 is
maintained OV, and the potential level at the negative
terminal of the main capacitor 41 goes down. As a result, the
load on the secondary coil 32 increases, so that the second-
ary current decreases, and the voltage of the electromotive
force and that of the back electromotive force on the
secondary coil 32 go down. In addition, the oscillation
frequency of the blocking oscillator goes up.

As the cycle of change 1n the potenfial level V1 1s getting
shorter, the potential level VI goes down as the whole. On
the other hand, the potential level V4 at the fourth terminal
23d changes between the same levels as 1n the first stage of
charging, even through the cycle of change 1s getting shorter
in the same way as the potential level VI. Consequently, the
potential level VI goes below the potential level V4 while
the electromotive force 1s generated, as shown 1n FIG. 5B,
so that the voltage starts to be applied across the Zener diode
57. However, until the charge voltage of the main capacitor
reaches the set value, the potential difference V4-VT 1s less
than the given voltage Vonl, so the voltage applied to the
Zener diode 57 1s less than the Zener voltage V.. Therefore,
the Zener diode §7 does not conduct the Zener current, and
the stopping transistor 58 1s not turned on until the main
capacitor 41 1s charged up to the set charge voltage. In this
way, the oscillation transistor 22 continues to oscillate until
the main capacitor 41 1s charge up to the set charge voltage.

When the main capacitor 41 1s charged up to the set
voltage, 1.e. 300V 1n this embodiment, the potential differ-
ence or voltage V4-VI1 comes to the given voltage Vonl, 1.€.
10.6V, while the electromotive force 1s generated. Then, the
Zener voltage V., 1s applied across the Zener diode §7
through the rectifying diode 56, so that the Zener current
flows through the Zener diode 57. Because of the Zener
current, a current flows from the fourth terminal 23d to the
base of the stopping transistor 38, turning on the stopping,
transistor 38. Indeed the voltage V4-VT varies according to
the oscillation of the blocking oscillator, it 1s rectified and
smoothed through the rectifying diode 56 and the smoothing
capacitor 539 before being applied to the Zener diode 57, it
1s possible to stably turn on the stopping transistor 58.
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When the stopping transistor 38 1s turned on, the base of
the oscillation transistor 22 1s connected to the emitter
thereof through the stopping transistor 38, so that the oscil-
lation transistor 22 1s turned off. When the oscillation
transistor 22 1s turned off, the latching transistor 24 1s turned
off. Then, the oscillation transistor 22 does not continue to
oscillate, thereby stopping charging the main capacitor 41.

In this way, when the main capacitor 1s charged up to the
set voltage, the potential VI at the tap point 23/ of the
secondary coil 32 comes down to a predetermined level, and
the stopping transistor 38 1s turned on to stop charging the
main capacitor. As the oscillation stopping circuit 355 1is
constituted of the mnexpensive rectifying diode 56 and Zener
diode 57 with the low Zener voltage, the flash circuit of the
second embodiment 1s also produced at a low cost.

FIG. 6 shows a flash circuit according to a third embodi-
ment of the invention. Aside from an oscillation frequency
monitoring circuit 68, the third embodiment fundamentally
has the same construction as the first embodiment. An
oscillation transistor 22 and an oscillation transformer 23
constitute a well-known blocking oscillator that i1s directed
to transforming a low voltage of a battery 21 to a high
voltage for charging a main capacitor 41. The oscillation
frequency monitoring circuit 68 has an input terminal IN
connected to a first terminal 234 of a primary coil 31 of the
oscillation transformer 23, and an output terminal OUT
connected to the base of a stopping transistor 39. The emitter
of the stopping transistor 39 1s connected to a fourth terminal
23d of the oscillation transformer 23, and the collector of the
stopping transistor 39 1s grounded.

The oscillation frequency monitoring circuit 68 1s consti-
tuted of a frequency-to-voltage (F/V) conversion circuit and
a comparator. The F/V conversion circuit detects the oscil-
lation frequency F of the blocking oscillator based on
changes 1n potential level at the first terminal 234, and
outputs a voltage signal whose value 1ncreases as the oscil-
lation frequency increases. The comparator compares the
voltage signal representative of the oscillation frequency
with a reference voltage, and outputs a drive control signal
whose voltage level 1s high when the voltage signal 1s less
than the reference voltage, or low when the voltage signal 1s
equal to or more than the reference voltage. The drive
control signal 1s applied to the base of the stopping transistor
39. The oscillation frequency monitoring circuit 68 includes
a switch which 1s turned on or off in cooperation with the
oscillation transistor 22 being turned on or off respectively.

Speciifically, while the main capacitor 41 1s being charged,
the oscillation transtormer 23 alternately generates electro-
motive force and back electromotive force due to the oscil-
lation. As a result, the potential level V1 at the first terminal
23a cyclically changes. As shown 1 FIG. 7, the potential
level V1 1s maintained to be constant while the electromo-
tive force 1s generated, but jumps up like a pulse while the
back electromotive force 1s generated. The time period T of
one cycle of this potential change 1s equal to that of the
oscillation of the blocking oscillator: 1/F.

As shown 1 FIGS. 8A and 8B, as the charge voltage
across the main capacitor 41 increases, the load on the
secondary coil 32 increases, so that the oscillation frequency
F increases, that 1s, the cycle T of the oscillation 1s getting
shorter. When the charge voltage reaches a set value V, the
oscillation frequency F reaches a maximum value F..

The reference voltage of the comparator 1s set to be equal
to a voltage signal value that represents the maximum
oscillation frequency value F. obtained at the set charge
voltage V.. Therefore, until the main capacitor 41 1s charged
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up to the set charge voltage V, the oscillation frequency F
1s less than the maximum value F, so that the oscillation
frequency monitoring circuit 68 outputs a high level drive
control signal V,, to the base of the stopping transistor 39,
as shown 1n FIG. 8C. It 1s to be noted that the oscillation
frequency F 1s about 1 KHz, 1.e. T=1000 usec, in the first
stage of charging, that 1s, while the charge voltage 1s around
OV.

When the main capacitor 41 has been charged up to the set
value V, the blocking oscillator starts oscillating at the
maximum frequency Fg, ¢.g. about 10 KHz (T=100 usec).
Then, the oscillation frequency monitoring circuit 68 out-
puts a low level drive control signal V,; to the base of the
stopping transistor 39, as shown 1n FIG. 8C.

On the assumption that Vd represent a voltage value or
potential level applied at the fourth terminal 23d while the
clectromotive force 1s being generated in the oscillation
transformer 23, and Von2 represents an activation voltage
necessary to apply across the base-emitter circuit of the
stopping transistor 39 for turning on the stopping transistor
39, the values V,, and V, are determined such that V= Vd
and Vd-V,; 2Von2. In this embodiment, Vd=0.7, and Von2=
0.7V, and hence V ,=0.7V, and V,=0~-1V.

Accordingly, while the high level drive control signal V,
1s applied to the base, the stopping transistor 39 stays in the
OFF state. When the low level drive control signal V; 1s
applied to the base of the stopping transistor 39 while the
clectromotive force 1s generated 1n the oscillation trans-
former 23, that 1s, while the voltage at the fourth terminal
23d has the value Vd, a voltage more than the activation
voltage Von2 1s applied across the emitter-base circuit of the
stopping transistor 39, so that the stopping transistor 39 is
turned on. While the back electromotive force 1s generated
in the oscillation transformer 23, the voltage at the fourth
terminal 23d goes down from the value Vd. That is, while
the back electromotive force 1s generated 1n the oscillation
transformer 23, the voltage at the fourth terminal 234 1s also
less than the voltage V,, so that the stopping transistor 39
would not be turned on.

When the stopping transistor 39 1s turned on, the oscil-
lation transistor 22 1s turned off, and the latching transistor
24 1s turned off. In this way, the oscillation frequency
monitoring circuit 68 and the stopping transistor 39 consti-
tute an oscillation stopping device.

In the above embodiment, the oscillation frequency moni-
toring circuit 68 detects the oscillation frequency from the
potential or voltage change at the first terminal 23a of the
oscillation transformer 23. As the voltage at the third ter-
minal 23c or the fourth terminal 23d changes 1n accordance
with the oscillation of the blocking oscillator, it 1s alterna-
fively possible to detect the oscillation frequency from the
voltage at the third terminal 23c¢ or the fourth terminal 23d.

Although the oscillation frequency monitoring circuit 68
needs a relatively large number of elements, these elements
are easy to integrate, so that it 1s possible to produce the
oscillation frequency monitoring circuit 68 at a lower cost
than the conventional Zener diode with a high Zener voltage.
It 1s preferable 1n terms of production cost and compactness
to 1ntegrate not only the oscillation frequency monitoring
circuit 68 but also the latching transistor 24, the stopping
transistor 39, a looping diode 28 and a resistor 34b mto a
single IC chip 70. It 1s of course possible to integrate only
the oscillation frequency monitoring circuit 68 into an IC
chip, or combine other integrable elements than above with
the oscillation frequency monitoring circuit 68 into an IC
chip.
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FIG. 9 shows an example of a flash device wherein the
clements of the flash circuit, including the IC chip 70, are
mounted on a printed circuit board 71. The flash projector 17
containing the flash discharge tube 42 1s secured to a front
side of the printed circuit board 71, while the oscillation
transistor 22, the oscillation transformer 23, the main capaci-
tor 41, the neon lamp 43, the triggering capacitor 44, the
triggering transformer 43, the trigeering switch 46, the IC
chip 70 and a pair of contact electrodes 72 for holding the
battery 21 are mounted to a rear side or a right side of the
printed circuit board 71. These elements are connected to
one another by soldering.

The IC chip 35 saves the mounting space compared with
the case where the individually packaged elements are to be
mounted to the printed circuit board 71, so that the printed
circuit board 71 may be smaller than conventional, contrib-
uting to compactness of the film unit. The IC chip 35 also
reduces the number of necessary mounting steps compared
with the case where the individual elements are to be
mounted step by step, so that the production cost 1s cut
down. It 1s possible to mount the IC chip 35 on the front side
of the circuit board 71 and connect it directly to printed
circuit patterns by soldering.

FIG. 10 shows another embodiment of the present
invention, wherein a film unit 10 1s provided with an
operation member 50 that 1s slidable between an ON posi-
tion and an OFF position. Setting the operation member 50
in the ON position causes a flash device to start charging a
main capacitor 41 up to a set voltage, e.g. 300V. So long as
the operation member 50 1s maintained 1n the ON position,
the main capacitor 41 1s intermittently charged up to the set
voltage for supplement natural discharge. The operation
member S50 1s also used for selecting whether a flash light 1s
to be projected or not. That 1s, when the operation member
50 1s 1n the ON position, the flash light 1s projected during
the exposure. But when the operation member S0 1s 1n the
OFF position, the flash light is not projected even 1if the main
capacitor 41 1s charged up.

FIG. 11 shows the flash circuit provided 1n the film unit
of FIG. 10. A booster section 20 1s provided with a flash
charge switch 51 that 1s turned on while the operation
member 50 1s 1n the ON position, or off while the operation
member 50 1s 1n the OFF position. Unlike the above
embodiments, the booster section 20 does not have a latch-
ing transistor 24, a looping diode 28, a recharging capacitor
27 and a smoothing capacitor 59. When the flash charge
switch 51 1s turned on, a current flows 1nto the base of an
oscillation transistor 22, so that the oscillation transistor 22
oscillates, and the main capacitor 41 1s charged with a high
voltage generated through an oscillation transformer 23.
That 1s, a blocking oscillator consisting of the oscillation
transistor 22 and the oscillation transformer 23 operates
while the flash charge switch 51 1s 1n the ON state.

Instead of a neon lamp, a light emission diode (LED) 52
1s connected between a third terminal 23c¢ and a fourth
terminal 23d of the oscillation transformer 23, for indicating
completion of charging of the main capacitor 41. Anode of
the LED 52 1s connected to the fourth terminal 23d such that
the LED 52 starts lighting when the main capacitor 41 is
charged up to the set voltage. Detail of the LED 52 1is
disclosed 1n JPA 8-115796.

The flash circuit of FIG. 11 includes an oscillation stop-
ping circuit 35 that 1s similar to the oscillation stopping
circuit of FIG. 4, as having a rectifying diode 56 connected
1n series to a tap point 23f of a secondary coil 32, resistors
56a and 57a, a Zener diode 57 and a stopping transistor 58,
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but includes a stopping capacitor 53. Also 1n this
embodiment, the rectifying diode 56 and the Zener diode 57
constitute a mutual temperature compensating circuit.

Since the flash charge switch 51 1s maintained in the ON
state to charge the main capacitor 41, the oscillation tran-

sistor 22 1s not always deactivated by the stopping transistor
58 being turned on for a moment. To make sure that the
oscillation transistor 22 stops oscillating when the main
capacitor 41 1s charged up to the set voltage, the stopping
capacitor 53 1s connected between cathode of the Zener
diode §7 and the fourth terminal 23d of the oscillation
transformer 23. When the main capacitor 41 1s charged up to
the set voltage, a Zener current flows through the Zener
diode 57, 1n the same way as described with respect to the
second embodiment of FIG. 4.

But the Zener current flows through the stopping capaci-
tor 53 1n the direction from the fourth terminal 234 to the tap
point 23/, so that the stopping capacitor 53 1s charged with
the Zener current directly, that 1s, without any intermediate
resistor. Therefore, the stopping capacitor 53 1s charged up
to an appropriate full voltage in a moment, e.g. about 10ms
(micro seconds).

As shown 1n FIG. 12, as the Zener current flows through
the stopping capacitor 53 1mmediately after the charge
voltage of the main capacitor 41 reaches the set value, the
base-emitter voltage of the stopping transistor 58 goes to
zero, so that the stopping transistor 38 is not turned on.
When the stopping capacitor 53 1s charged up, the charge
voltage of the stopping capacitor 53 1s applied across the
base-emitter circuit of the stopping transistor 38, so that the
circuit from the stopping capacitor 53 through the base and
the emitter of the stopping transistor 58 to the resistor 57a
1s closed, and thus the stopping capacitor 53 discharges. The
discharged current flows 1n the base of the stopping transis-
tor 58, thereby turning on the stopping transistor 58. As a
result, a current that has been applied from a battery 21 to
the base of the oscillation transistor 22 through the flash
charge switch 51 begins to flow through the emitter-collector
circuit of the stopping transistor 38, so that the oscillation
transistor 22 1s deactivated, and charging of the main capaci-
tor 41 1s terminated.

Discharging through the resistor §7a 1s for supplying the
base current of the stopping transistor 38 for a longer time.
As long as the base current 1s supplied, the stopping tran-
sistor 38 1s turned on. Consequently, the stopping transistor
58 1s turned on for the longer time enough to stop the
oscillation transistor 22 from oscillating. The ON-period of
the stopping transistor 58 may be set by adjusting time
coellicient that 1s determined by the capacitance of the
stopping capacitor 33 and the resistance of the resistor 57a.
In this embodiment, the capacitance of the stopping capaci-
tor 533 1s 47uF, and the resistance of the resistor 57a 1s 10
K&2, whereby the ON-period of the stopping transistor 38 1s
set to be 0.3 seconds 1n actual measurement. According to
this configuration, the oscillation transistor 22 stops oscil-
lating at least for 0.3 seconds, even while the flash charge
switch 51 1s in the ON state.

As the stopping capacitor 53 discharges, the charge volt-
age of the stopping capacitor 53 goes down. When the
charge voltage of the stopping capacitor 533 goes below a
predetermined value, the stopping transistor 38 is turned off.
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So long as the flash charge switch 51 1s in the ON state, the
current from the battery 21 restarts flowing into the base of
the oscillation transistor 22, so that the oscillation transistor
22 restarts oscillating. Since the main capacitor 41 has
already been charged up to the set voltage, the Zener current
flows through the Zener diode 57 as soon as the oscillation
restarts. As the stopping capacitor 53 1s fully charged with
the Zener current soon and then starts discharging, the
stopping transistor 38 1s turned on by the discharged current
in short time after the restart of oscillation. Thus, charging
the main capacitor 41 i1s terminated soon.

In the same way as above, the stopping transistor 38 1s
turned on and off repeatedly, so that the oscillation transistor
22 stops and restarts oscillating repeatedly. Therefore, so
long as the flash charge switch 51 1s in the ON state, the main
capacitor 41 1s charged repeatedly and intermittently to
supplement the natural discharge of the main capacitor 41,
and thereby to maintain the charge voltage of the main
capacitor 41 approximately constant.

In a charging-discharging section 40, a terminal of a
triggering capacitor 44 and a common terminal of primary
and secondary coils 45a and 45b are connected to a pulse
pole of the battery 21, and a flash selection switch 54 1s
connected 1n series to the triggering capacitor 44. The flash
selection switch 54 1s turned on 1n cooperation with the flash
charge switch 51 being turned on by setting the operation
member 50 to the ON position, or off when the operation
member 50 and thus the flash charge switch 51 1s off.

According to this configuration, the triggering capacitor
44 1s charged with the current from the booster section 20
when the flash section switch 54 1s in the ON state. Even
when the main capacitor 41 1s fully charged, if the flash
selection switch 54 1s i the OFF state, the triggering
capacitor 44 could not discharge, so that no triggering
voltage 1s applied to a flash discharge tube 42 even when a
triggering switch 46 1s turned on.

As the main capacitor 41 1s being charged, the potential at
the third terminal 23c goes down gradually. Finally, the
potenfial at the third terminal 23c¢ becomes less than the
potential at the fourth terminal 234 in the phases when back
clectromotive forces are not generated. Then, the voltage 1s
applied across the LED 52 1n 1ts forward direction. In this
embodiment, when the charge voltage in the main capacitor
41 goes above 250V, the potential difference between the
third and fourth terminals 23c and 23d becomes so large that
the LED 52 emits light at a visible intensity. When the main
capacitor 41 1s charged up to the set voltage of 300V, the
potential difference between the third and fourth terminals
23c¢ and 23d becomes large enough for the LED 52 to emit
light at a predetermined high intensity.

The LED 52 stops lighting while the stopping transistor
58 1s turned on. Therefore, the ntermission of lighting of the
LED 52 1s determined concurrently when the ON-period of
the stopping transistor 58 1s set by adjusting the time
coellficient that 1s determined by the capacitance of the
stopping capacitor 33 and the resistance of the resistor 57a.
If the LED 52 1s provided in a flash circuit where the
stopping transistor 58 were turned on directly by the Zener
current, the itervals of intermission of lighting of the LED
52 could vary largely due to variations in the circumierential
temperature, 1n the leak current from the main capacitor 41,
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in the performance of the individual Zener diode, and so on.
According to the configuration of FIG. 11, the LED 52 can
emit light at regular intervals.

It 1s possible to connect the stopping capacitor 33 between
the cathode of the Zener diode 57 and the fourth terminal
23d of the oscillation transformer 23 1n the flash circuit of
FIG. 4. Thereby, the stopping transistor 538 will not be
affected by electric noises that might be caused when the
main capacitor 41 1s almost charged up to the set voltage,
and will be turned on for a sufficiently long time enough to
stop charging the main capacitor 41. The stopping capacitor
as above 1s preferably applicable to a flash circuit which
needs to keep pushing a flash charge button for continuing
charging.

Although the above described embodiments charge the
main capacitor 1n the negative direction, the present inven-
tfion 1s applicable to those tlash circuits whose main capaci-
for 1s charged 1n the positive direction. In that case, the
potential of a tap point at an intermediate position of a
secondary coil of an oscillation transformer 1ncreases as the
charge voltage 1n the main capacitor increases. Accordingly,
a rectifying diode and a Zener diode should be connected 1n
the opposite polarity to the above embodiments between the
tap point and the base of a stopping transistor.

The present invention 1s of course applicable to a built-in
flash device of a camera, or to a flash device attachment.

Thus, the present invention i1s not to be limited to the
above embodiments but, on the contrary, various modifica-
tions will be possible for those skilled in the arts without
departing from the scope of claims attached hereto.

What 1s claimed 1s:
1. A flash circuit comprising;:

an oscillation transformer having a primary coil con-
nected to a power source and a secondary coil con-
nected to a main capacitor, for boosting a low power
source voltage up to a high voltage for charging the
main capacitor;

an oscillation transistor connected between the power
source and the oscillation transformer and oscillating 1n
cooperation with the oscillation transformer to conduct

oscillating current through the oscillation transformer;
and

an oscillation stopping device which taps out voltage
proportional to but less than charge voltage in the main
capacitor from the oscillation transformer, and which 1s
driven to deactivate the oscillation transistor when the
charge voltage 1n the main capacitor reaches a set
voltage;

wherein the primary coil 1s connected at one terminal to
a plus pole of the power source, and at the other
terminal to a minus pole of the power source through
collector-emitter circuit of the oscillation transistor, and
the secondary coil 1s connected at one terminal to base
of the oscillation transistor, wherein the oscillation
transformer further has a tertiary coil, the tertiary coil
being connected at one terminal to the plus pole of the
power source through a flash charge switch, and at the
other terminal to the base of the oscillation transistor,
the oscillation transistor being activated upon a charge
start signal entered through the flash charge switch, and
wherein the oscillation stopping device comprises a
stopping transistor whose base 1s connected to the one
terminal of the tertiary coil through a voltage divider,
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whose emitter 1s connected to the base of the oscillation
transistor, and whose collector 1s connected to the
minus pole of the power source, such that when the
charge voltage reaches the set voltage the stopping
transistor 1s turned on to connect the base of the
oscillation transistor to the emitter thereof, thereby
deactivating the oscillation transistor.

2. A flash circuit as claimed 1n claim 1, wherein the

oscillation stopping device further comprises a rectifying
diode connected between the base of the stopping transistor
and the voltage divider, the rectifying diode conducting
current only 1n a direction from the base of the stopping
transistor to the voltage divider.

3. Aflash circuit as claimed 1n claim 2, further comprising
a latching transistor whose base 1s connected to the collector
of the oscillation transistor, whose emitter 1S connected to
the plus pole of the power source, and whose collector 1s
connected to the one terminal of the tertiary coil, and a diode
connected 1n parallel to the emitter-collector circuit of the
latching transistor, the latching transistor applying a bias
voltage to the base of the oscillation transistor, thereby to
keep the oscillation transistor oscillating after the flash
charge switch 1s turned offl.

4. A flash circuit comprising:

an oscillation transformer having a primary coil con-
nected to a power source and a secondary coil con-
nected to a main capacitor, for boosting a low power
source voltage up to a high voltage for charging the
main capacitor;

an oscillation transistor connected between the power
source and the oscillation transformer and oscillating 1n
cooperation with the oscillation transformer to conduct
oscillating current through the oscillation transformer;
and

an oscillation stopping device which taps out voltage
proportional to but less than charge voltage in the main
capacitor from the oscillation transformer, and which 1s
driven to deactivate the oscillation transistor when the
charge voltage 1n the main capacitor reaches a set
voltage;

wherein the oscillation stopping device comprises a stop-
ping transistor and a Zener diode connected between a
tap point located at an intermediate position of the
secondary coil and a base of the stopping transistor, the
stopping transistor being turned on 1n response to a
Zener current conducted through the Zener diode when
the main capacitor 1s charged up to the set voltage, the
stopping transistor being connected to the oscillation
transistor such that the oscillation transistor 1s deacti-
vated when the stopping transistor 1s turned on;

wherein the primary coil 1s connected at one terminal to
a plus pole of the power source and at the other terminal
to a minus pole of the power source through collector-
emitter circuit of the oscillation transistor, and the
secondary coil 1s connected at one terminal to a base of
the oscillation transistor, and wherein emitter and col-
lector of the stopping transistor are connected to the
base and the emitter of the oscillation transistor
respectively, a potential difference between the tap
point and the base of the oscillation transistor being the
voltage proportional to the charge voltage, and causing
the Zener diode to conduct the Zener current when the
main capacitor 1s charged up to the set voltage, and the
stopping transistor 1s turned on to connect the base of
the oscillation transistor to the emitter thereof, thereby
deactivating the oscillation transistor.
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5. Aflash circuit as claimed 1n claim 4, further comprising,
a rectifying diode connected between the tap point and the
Zener diode, the rectifying diode conducting current only in
the same direction as the Zener current.

6. A flash circuit as claimed in claim 5, wherein the

rectifying diode has a temperature coellicient whose polarity
and value are designed to compensate for a temperature
coelficient of the Zener diode.

7. A flash circuit as claimed in claim 6, wherein the
oscillation transformer further has a tertiary coil, the tertiary
coll being connected at one terminal to the plus pole of the
power source through a flash charge switch, and at the other
terminal to the base of the oscillation transistor, the oscil-
lation transistor being activated upon a charge start signal
entered through the flash charge switch.

8. A flash circuit as claimed 1n claim 7, further comprising,
a latching transistor whose base 1s connected to the collector
of the oscillation transistor, whose emitter 1S connected to
the plus pole of the power source, and whose collector 1s
connected to the one terminal of the tertiary coil, and a diode
connected 1n parallel to the emitter-collector circuit of the
latching transistor, the latching transistor applying a bias
voltage to the base of the oscillation transistor, thereby to
keep the oscillation transistor oscillating after the flash
charge switch 1s turned off.

9. A flash circuit comprising;:

an oscillation transformer having a primary coil con-
nected to a power source and a secondary coil con-
nected to a main capacitor, for boosting a low power
source voltage up to a high voltage for charging the
main capacitor up to a set voltage;

an oscillation transistor connected between the power
source and the oscillating transformer and oscillating 1n
cooperation with the oscillation transformer to conduct
oscillating current through the oscillating transformer;

a Zener diode connected to a tap point located at an
intermediate position of the secondary coil for tapping
out a voltage that 1s proportional to but less than the
charge voltage 1n the main capacitor, the Zener diode
conducting a Zener current when the voltage tapped out
from the tap point reaches a predetermined value
corresponding to the set charge voltage of the main
capacitor;

a stopping capacitor connected to the Zener diode so that
the stopping capacitor 1s charge only with the Zener
current; and

a stopping transistor connected to the stopping capacitor

through a resistor so that the stopping transistor is

turned on while the stopping capacitor discharges

through the resistor and the stopping transistor, thereby
deactivating the oscillation transistor.

10. A flash circuit as claimed in claim 9, further compris-

ing a flash charge switch which 1s alternatively maintained
imn an ON state or 1n an OFF state, wherein the oscillation
transistor 1s activated when the flash charge switch is turned
on, and so long as the flash charge switch 1s 1n the ON state,
the stopping capacitor 1s periodically charged and dis-
charged to intermittently charge the main capacitor up to the
set voltage.

11. A flash circuit as claimed in claim 10, wherein the
primary coil 1s connected at one terminal to a plus pole of the
power source, and at the other terminal to a minus pole of
the power source through collector-emitter circuit of the
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oscillation transistor, and the secondary coil 1s connected at
one terminal to base of the oscillation transistor, wherein
base of the stopping transistor is connected to the Zener
diode through the resistor, and emitter and collector of the
stopping transistor are connected to the base and the emitter
of the oscillation transistor respectively, and wherein the
stopping capacitor 1s connected at one electrode to the one
terminal of the secondary coil that 1s connected to the base
of the oscillation transistor, and at the other electrode to a
connecting point between the Zener diode and the resistor.

12. A flash circuit as claimed 1in claim 11, wherein the
oscillation transformer further has a tertiary coil, the tertiary
coll being connected at one terminal to the plus pole of the
power source through the flash charge switch, and at the
other terminal to the base of the oscillation transistor.

13. A flash circuit as claimed 1n claim 9, further compris-
ing a rectifying diode connected between the tap point and
the Zener diode, the rectifying diode conducting current
only 1n the same direction as the Zener current.

14. A flash circuit as claimed 1n claim 9, wherein the
rectifying diode has a temperature coefficient whose polarity
and value are designed to compensate for a temperature
coellicient of the Zener diode.

15. A flash circuit comprising:

an oscillation transformer having a primary coil con-
nected to a power source and a secondary coil con-
nected to a main capacitor, for boosting a low power
source voltage up to a high voltage for charging the
main capacitor;

an oscillation transistor connected between the power
source and the oscillation transformer and oscillating 1n
cooperation with the oscillation transformer to conduct
oscillating current through the oscillation transformer;
and

an oscillation stopping device detecting oscillation fre-
quency of the oscillating current as being proportional
to charge voltage 1n the main capacitor, and deactivat-
ing the oscillation transistor when 1t 1s determined
based on the oscillation frequency that the charge
voltage 1n the main capacitor reaches a set voltage.

16. A flash circuit as claimed 1n claim 15, wherein the

primary coil 1s connected at one terminal to a plus pole of the
power source and at the other terminal to a minus pole of the
power source through collector-emitter circuit of the oscil-
lation transistor, and the secondary coil 1s connected at one
terminal to base of the oscillation transistor, and wherein the
oscillation stopping device comprises a stopping transistor
whose emitter and collector are connected to the base of the
oscillation transistor and the minus pole of the power source
respectively, and a frequency monitoring device having an
input connected to one of the primary, secondary and tertiary
colls, and an output connected to base of the stopping
transistor, the frequency monitoring device outputting a
predetermined voltage to turn on the stopping transistor and
deactivate the oscillation transistor when the oscillation
frequency reaches a value that corresponds to the set charge
voltage.

17. A flash circuit as claimed 1n claim 16, wherein the
oscillation transformer further has a tertiary coil, the tertiary
coll being connected at one terminal to the plus pole of the
power source through a flash charge switch, and at the other
terminal to the base of the oscillation transistor, such that the
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oscillation transistor 1s activated upon a charge start signal
entered through the flash charge switch.

18. A flash circuit as claimed 1n claim 15, wherein at least
the oscillation stopping device 1s mtegrated into an IC chip.

19. A flash circuit as claimed 1n claim 17, further com-
prising a latching transistor whose base 1s connected to the
collector of the oscillation transistor, whose emitter 1s con-
nected to the plus pole of the power source, and whose
collector 1s connected to the one terminal of the tertiary coil,
and a looping diode connected 1n parallel to the emitter-
collector circuit of the latching transistor, the latching tran-
sistor applying a bias voltage to the base of the oscillation
transistor, thereby to keep the oscillation transistor oscillat-
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ing after the flash charge switch 1s turned off, wherein the

latching transistor and the looping diode are integrated with
the oscillation stopping device mto an IC chip.

20. The flash circuit of claim 9, wherein a first terminal of
the stopping capacitor 1s directly connected to the resistor,
and a second terminal of the stopping capacitor i1s directly
connected to the stopping transistor.

21. The flash circuit of claim 20, wherein values of the
stopping capacitor and the resistor determine a length of
time during which the stopping transistor 1s turned on while
the stooping capacitor discharges.
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